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Aquatic habitats are known to support an extraordinary array of species. Aquatic
biodiversity is one of the most important characteristics of the aquatic ecosystem for
maintaining its stability and resilience. The macro-invertebrates have been found as the most
common faunal assemblages for bio assessment and provide more reliable assessment of
long term ecological changes in the quality of aquatic system compared to its rapidly
changing physico-chemical characteristics. This review discusses some of the factors which
regulate the occurrence and distribution of macro-invertebrates namely substrate,
temperature, dissolved oxygen and water velocity & current.

INTRODUCTION
The objective of the present review is to examine the literature
and summarize the responses of ecological components in
particular macro-invertebrates. Studies included in this review
range from peer-reviewed literature to un-refereed reports. The
focus of the review is the effect of substrate, temperature,
dissolved oxygen and water velocity on macro-invertebrates
composition and their response to stress. Benthic macro-
invertebrates perform a variety of functions in freshwater
ecosystem they have an important influence on nutrient cycle,
primary productivity, decomposition and translocation of material
(Wallace and Webster, 1996; Covich et al., 1999). They are the
most commonly used for bio-monitoring in lotic habitat
worldwide (Bonada et al., 2006). They play an important role in
the mineralization and recycling of organic matter and are an
important tool for improving and preserving water quality
(Bilgrami and Dutta Munshi, 1985; Venkateswarlu, 1986). It
serves not only as a major source of food for fishes but also helps
in processing relatively large amounts of organic matter.
Alteration produced in the physical and chemical status of the
riverine ecosystem becomes recognizable through elasticity of the
community structure of the organisms (Wilhm & Dorris, 1968;
Cairns & Dickson, 1971). Thus, benthic macro invertebrates make
ideal subject for biological assessment of water quality
(Hynes1970). Benthic aquatic macro-invertebrates are sensitive
indicators of environmental changes in streams because they
express long-term changes in water and habitat quality rather than
instantaneous conditions (Johnson et al., 1993). Biological
indicators are commonly used to evaluate and characterize the
ecological changes in streams (Bonada et al., 2006). Among the
various biological indicators (such as algae, periphyton,
macrophytes, benthic invertebrates and fish), benthic macro
invertebrates are the most commonly used biotic assemblage
across the world (Rosenberg and Resh 1993; Resh 2008). Macro

invertebrates have a number of advantages, and some
disadvantages, as indicators of water quality. Advantages of using
macro invertebrates include: relatively limited movement, thus
reflecting local conditions; diverse communities composed of
species that exhibit varying tolerances to changes in water quality
and habitat conditions; integration of short-term changes in
environmental conditions as reflected in their abundance,
diversity, and life cycles; assessment of food web changes (macro
invertebrates often serve as important foods for other wildlife,
such as fishes and birds); and  sampling is relatively easy in terms
of requiring few people and inexpensive gear. Disadvantages of
macro invertebrates include: difficulties in identification of taxa;
effort required to process field samples (e.g., separation of animals
from sediments and detritus); and lack of detailed knowledge of
life cycles and environmental tolerances, particularly for local
populations. Ward and Stanford (1979) also suggested that water
flow, temperature and substrates are the major factors determining
the composition and abundance of benthic invertebrates. Lot of
work is done on lotic ecosystems in India by several workers such
as Kulshreshtha el al., (1988); Krishnamoorthy and Sarkar (1979);
Khan (1982) and Shukla et al., (1989), Mitra and Nandi (1998);
Sharma (1986); Sharma et al., (2004, 2008,2009); Joshi et al.,
(2007); Sharma and Chowdhary (2011); Habib and Yosuf (2012);
Mishra and Nautiyal (2012);Palit et al., (2013).

Factors that governs the occurrence of macro invertebrates

Sediment

Rivers play a paramount role in shaping the landscape by
selectively eroding, transporting and depositing sediments on the
land in their journey towards the ocean (Lemly,1982) Bed
sediments are the primary component of the substrate upon which
benthic macro invertebrates move, rest, shelter, and feed. These
sediments range from fine clays up to large boulders. From
smallest to largest, they are categorized in clay, silt, sand, pebbles,
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cobbles and boulders. Pebbles, cobbles, and boulders collectively
form gravel. Fine sediments are a category of sediments
consisting of fine sand (<2000 to >62 μm), silts (<62 to >4 μm),
and clays (<4 μm). Sediment particles range from a fraction of
microns to huge boulders measuring many meters in diameter.
Relatively rough and strong bounded structure, stable substrates
are attractive to benthic fauna because they represent sites of
minimal disturbance (Lancaster and Hildrew, 1993; Rempel et al.,
1999). Therefore, Substrate stability is important for community
persistence (Death and Winterbourn, 1994) and maximum species
diversity and abundance (Hynes, 1970; Scarsbrook and
Townsend, 1993; Death and Winterbourn, 1995). The macro-
invertebrates diversity and density depends upon type of substrate
utilized. Many studies have shown that in the same water body,
the numbers and biomass varies with the variation in substrate
type.

In India, Hora (1936) considered substratum as an important
factor in the ecology of torrential fauna. In Garhwal Himalaya, a
preliminary observation was made on benthic fauna of the river
Alaknanda by Badola and Singh (1981). Substratum is one of the
most important factors which determine the quality and quantity
of macro-invertebrates or zoobenthos. Negi and Singh (1990)
studied the substratum of river Alaknanda and found that density
of macro invertebrates was higher  on the site where  large  stones
and boulders were observed whereas density was low where
pebbles reported and extremely low where the substrate was
sandy soil with few pebbles. Hynes (1970) stated that large stone
form more complex substratum and hence more diversified fauna.
Sharma et. al. (2009) studied the fluvial ecosystem of the Tons
river and found that bottom substrates ranging from sand to big
boulders. Silt and clay were totally absent in the Tons River. High
abundance of Macro-invertebrates at the site which has high
macrophyte growth and big boulders. Generally, as the size of the
stone increases, the diversity of macro invertebrates also
increases; but these bottom dwelling organisms fail to avail
themselves of shelter under very large boulders and struggle for
their survival due to the unavailability of suitable niches. Sharma
et al., (2004) examined the macro invertebrate diversity in Nanda
Devi Biosphere Reserve and found the minimum abundance and
diversity at site where maximum contribution of bottom substrates
was by big boulders. Mostly, the group Arthropoda commonly
dominant at the sites where bottom substrate is rich in Hard Stone
(Emere and Naisru, 2007; Arimoro et al., (2007). The same result
found in Yousmarg streams (Habib and Yosuf, 2012).

Temperature

Temperature, the most important parameter that influences the life
cycle of macro invertebrates. (Resh et al., ,1988). Temperature is
the most apparent factor which effects the seasonal cycle and
abundance of macro-invertebrates (Elliot, 1967; Macan, 1970).
The benthic macro-invertebrates  are compatible within a specific
temperature range, which restrict them in their distribution and
community structure (Hynes, 1960; Biggs et al., 1990).More
shallower the water body, more will be the effect of atmospheric
temperature (Welch,1952). It is due to shallowness of Tawi River
greatly affects by atmospheric temperature. Annelids showed
positive correlation with air temperature (Sharma and Chowdhary
(2011) whereas Ishaq and Khan (2013) found negative correlation
between macro-invertebrate density and temperature.
Temperature affects emergence patterns, growth rates and body
size (Sweeney and Schnack, 1977), metabolism (Angelier, 2003),
reproduction (Vannote and Sweeney, 1980) of macro

invertebrates. The tolerance of temperature variation varies
species to species but only few are able to tolerate temperatures
beyond their upper tolerance limit (Coutant, 1962; Angelier,
2003). Diversity of macro invertebrates decreases as water
temperature increases (Palit et al., , 2013). Water temperature was
found to be negatively correlated with the diversity of macro
invertebrates in the river Dhauli ganga (Sharma et al., , 2004)
Several studies have also found that particular group of insect
richness may be influenced within the same stream ecosystem by
annual water temperature variations (Stanford and Ward, 1982).
Lehmkuhl (1972) studied the influence of water temperature
variations on benthic communities. Ward and Stanford (1979)
also suggested that temperature pattern influences the life cycle
phenomenon of insects such as emergence, which leads to an
increase in density. Relationship between the mean density of
macro-invertebrates and water temperature was also found to be
negatively correlated of Tons river (Sharma et al., 2009).
Reduced growth efficiency at very low temperature may eliminate
species even though the temperature is within the tolerance range
of the organisms (Edington and Hildrew, 1973).

Dissolved Oxygen

Dissolved oxygen, a barometer of the ecological health of the
river, is the most important parameter for protecting aquatic life
(Chang 2002).Decreased levels of dissolved oxygen influence
benthic macro-invertebrate assemblages (Ward,1992). Dissolved
oxygen values are generally low in downstream areas where flow
of water is also low so that macro-invertebrate diversity is also
lowest (Bredenhand and Samways,2009). The deficiency of
oxygen may affect macro-invertebrates in several ways (Jacobsen,
2003) The maximum density of macro-invertebrates during winter
season when Dissolved oxygen is high rather than the monsoon
season when the level of dissolved oxygen is low due to high
turbidity (Ishaq and Khan 2013;Negi and Mamgain,2013),
Macro-invertebrate diversity showed a positive correlation with
dissolved oxygen (Sharma et al., 2009). Higher dissolved oxygen
level in open water habitats is necessary for substantive growth of
macro-invertebrate populations. Decrease in the quantity of
oxygen and organic matter with increasing depth results in a
lowering of biodiversity (Bretschko and Klemens, 1983). Nelson
et al., (2000) have also shown that dissolved oxygen has a strong
influence on macro-invertebrate community structure.

Water Velocity and Water Current

High flow events have been identified in many studies to greatly
reduce the biomass and change the species composition of
invertebrates in aquatic ecosystems. Change in the frequency of
maximal and minimal velocities influenced the density and
number of taxa of macro-invertebrates. Reduced flow may result
in extreme temperatures detrimental to the benthos. The degree of
flow constancy appears to largely determine macro invertebrate
abundance in regulated streams (Ward 1976; Ward & Stanford
1979). Many aquatic populations living in the harsh environment
of unpredictable flow suffer high mortality from physiological
stress (Cushman, 1985). The diversity of macro invertebrates of
Dahuli Ganga river was highly negatively correlated with water
velocity.(Sharma et al., , 2004 ) Erman and Mahoney (1983) and
Kamler (1967) also analyzed the results of flow regime on macro
invertebrate communities. Change in the frequency of maximal
and minimal velocities influenced the density and number of taxa
of macro-invertebrates. Current is the most important
characteristic of running water that decide the adaptation of
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macro-invertebrates. Consequently, patterns of colonization differ
among streams that differ in flow regime because of inherent
differences in benthic community structure (Poff and Ward,
1989). Particularly, near bed hydraulic variables are the key
factors to analyse spatial distribution patterns of macro-
invertebrates (Brooks et al., 2005; Suren and Jowett, 2006).
Therefore, relating impacts of flow regulation to the microhabitat
heterogeneity is essential for understanding the effects of flow on
fluvial assemblages (Fagan, 2002). Benthic invertebrates are
particularly sensitive to different water velocities and bed
sediment/stability (Minshall, 1984; Stevenson, 1996). High flow
events have been identified in many studies to greatly reduce the
biomass and change the species composition of invertebrates in
aquatic ecosystems. Many aquatic populations living in the harsh
environment of unpredictable flow suffer high mortality from
physiological stress (Cushman, 1985). Erman and Mahoney
(1983) and Kamler (1967) also analyzed the results of flow
regime on macro-invertebrate communities. The study on Tons
river (Sharma et al., 2009) confirmed that high water velocity
during the monsoon season influenced the macro-invertebrate
density and diversity due to the unpredictable flow regime.

CONCLUSION
This review highlights very strong evidence that distribution of
macro-invertebrates is governed by numerous physical, chemical
and biological factors which need to be taken into consideration in
any study of macro invertebrates. The benthic macro-invertebrate
community contributes immensely to the functioning of the
freshwater ecosystem. Macro-invertebrates act as bio indicator
that helps in assessing the health of water bodies. Macro-
invertebrates are abundant in many freshwater ecosystem, long-
lived compared to algae, possess varying tolerances to
perturbations in streams, and are cost-effective to sample, making
them an ideal biological indicator. These findings showed that the
numbers, density, diversity and the activities of macro-
invertebrates are depend on the substrate, temperature, dissolved
oxygen and water velocity.

Acknowledgement
The author’s express sincere thanks to University Grant
Commission (U.G.C, New Delhi) for providing financial
assistance and Department of Environmental Sciences for
providing Laboratory facilities.

References
1. Angelier E. (2003) : Ecology of Streams and Rivers.

Science Publishers Inc., Enfield, USA. pp. 215.
2. Badola S.P. and Singh H.R. (1981) : Hydrobiology of

the river Alaknanda of Garhwal Himalaya; Indian J. of
Ecology, 8: 269 -276

3. Biggs B.J., Jowett I.G., Quinn J.M., Hickey C.W.,
Davies-Colley R.J. and Close M. (1990): Ecological
characterization, classification, and modeling of New
Zealand rivers: An introduction and synthesis. N. Z. J.
Mar. Freshwater Res.,24:277-304.

4. Bonada  N., Prat  N., Resh V. H. and Statzner  B. (2006):
Development in aquatic insect Bio-monitoring: a
comparative analysis of recent approaches. Annual
Review of Entomology ,51: 495-523.

5. Bilgrami K. S. and J. S. and Datta Munshi (1985):
Ecology of river Ganges: Impact on human activities

and conservation of aquatic biodata (Patna to Farakka).
Allied Press, Bhagalpur.

6. Bredenhand E. and  Samways M. J.(2009): Impact of a
dam on benthic macroinvertebrates in a small river in a
biodiversity hotspot: Cape Floristic Region, South
Africa, J. Insect Conserv, 13: 297–307.

7. Bretschko G. and Klemens W.E.( 1986) : Quantitative
Method and Aspect in the Study of the Interstitial Fauna
of the Running Waters, Stygologia ,2: 297–316.

8. Brooks A.J.,Haeusier T., Reinfelds I. And Williams S.
(2005) :  Hydraulic microhabitats and the distribution of
macro invertebrates assemblages in riffles. Freshwater
Biol. ,50 :331-344

9. Cairns J. R. and Dickson K. L. (1971): A simple method
for the biological assessment of the effects of waste
discharges on aquatic bottom dwelling organisms.
Journal of  Water Pollution Control, 43: 755-772.

10. Chang H. ( 2002): Spatial and temporal variations of
water quality in the river and its tributaries, Seoul,
Korea, 1993– 2002; Water Air Soil Pollution,161 :267–
284.

11. Coutant C.C. (1962): The effect of a heated water
effluent upon the macro invertebrate riffle fauna of the
Delaware River. Proc. Penn. Acad. Sci., 36:58-71.

12. Covich A. P., Palmer M. A. and Crowl T. A. (1999):
The role of benthic invertebrate species in freshwater
ecosystems: Zoobenthic species influence energy flows
and nutrient cycling. BioScience, 49 (2): 119-127.

13. Cushman R.M. (1985) : Review of ecological effects of
rapidly varying flows downstream from hydroelectric
facilities. N Am J Fish Manage,5:330–339.

14. Death R.G and Winterbourn M.J. (1994) :
Environmental stability and community persistence: A
multivariate perspective. J. N. Am. Benthol. Soc.
,13:125-139

15. Death R.G. and Winterbourn M.J. (1995): Diversity
patterns in stream benthic invertebrate communities: The
influence of habitat stability. Ecology, 76:1446-1460

16. Elliot J.M. (1967) : The life histories and drifting of the
plecoptera and Ephemeroptera in a Dartmoor stream. J.
Anim. Ecol., 36:343-61

17. Edington J.M. and Hilldrew A.G. (1995):  Caseless
caddis larvae of the British Isles: a key with ecological
notes. Scientific Publication No. 53. Freshwater
Biological Association, The Ferry House, Ambleside,
Cumbria, UK, pp 1–134

18. Emere M.C and Nasiru E.C. (2007) : Macroinvertebrates
as indicators of the water quality of an urbanized stram
Kaudna Nigeria. J. Fisher. Int.,2 :152-157

19. Erman D.C and Mahoney S.D. (1983):  Recovery after
logging in streams with and without buffer stripes.
California Water Research Center, University of
California, Northern California, pp. 50

20. Fagan W.F. (2002) : Connectivity,fragmentation and
extinction risk in dentritic metapopulations. Ecology ,83:
3243-3249

21. Habib Shazia and Yousuf A.R. (2012) : Benhic macro
invertebrate community of Yousmarg streams
(Doodganga stram and Khanshah Manshah canal) in
Kashmir Himalaya,India .Joruanl of Ecology and the
Natural Environment ,4(11): 280-289



International Journal of Recent Scientific Research, Vol. 4, Issue, Vol. 5, Issue, 2, pp.357-361, February, 2014

360

22. Hora S.L.(1936) : Nature of substratum as an important
factor in the ecology of torrential fauna;Proc. Natn. Inst.
Sci. India,2 :45-47

23. Hynes H.B.N. (1960): The Biology of Polluted Waters.
Liverpool University Press, Liverpool, England, pp. 202

24. Hynes H. B. N. (1970): The ecology of stream insects.
Annual Review of Entomology,15: 25-42.

25. Ishaq Fouzia and Khan Amir. (2013): Seasonal
limnological variation and macro benthic diversity of
river Yamuna at Kalsi Dehradun of Uttarkahnd. Asian
Journal of Plant Science and Research , 3(2) : 133-134

26. Jacobsen D., Rostgaard S.  and  Sconez J. S. (2003) :
Are macroinvertebrates in high altitude streams affected
by oxygen eficiency? Freshwater Biology ,48: 2025–
2032.

27. Johnson RK, Wiederholm T, Rosenberg DM (1993):
Freshwater biomonitoring using individual organisms,
populations, and species assemblages of benthic macro-
invertebrates. In: Rosenberg DM, Resh VH (eds)
Freshwater biomonitoring and benthic macro-
invertebrate. Chapman & Hall, New York, pp 40–158

28. Joshi P.C., Negi R.K. and Negi T. (2007) : Seasonal
variations in benthic macroinvertebrates and their
correlation with the environmental variables in a
freshwater stream in Garhwal Region (India). Life Sci. J.
4(4):85-89.

29. Khan R. A. (1982): Biological assessment of the
pollution of the four heavily polluted rivers based on
macro-invertebrates. Proc. First. National
Environmental Congress. IARI, New Delhi, Abs. P. 109.

30. Kamlers, E.(1967): Distribution of Plecoptera and
Ephemeroptera in Relation to Altitude Above Sea Level
and Current Speed in Mountain Waters. Pol. Arch.
Hydrobiology, 14(27): 29–42.

31. Krishnamoorthi K. P. and Sarkar S. (1979):  Macro-
invertebrates as indicators of water quality. Proc. Symp.
Environ. Biol.,133-138.

32. Kulshresta S. K., Adholia U. N., Khan A. A., Bhatnagar
A. Saxena M., Baghail M. (1989)b : Pollution study on
river Kshipra with special reference to macro-
zoobenthos. J. Nature Con., 1: 285- 292.

33. Lancaster J. and  Hildrew A.G. (1993): Flow refugia and
the microdistribution of lotic macroinvertebrates. J. N.
Am. Benthol. Soc., 12:385-393.

34. Lehmkuhl D.M.(1972) :  Change in thermal regime as a
cause of reduction of benthic fauna downstream of a
resources. J Fish Res Board Can., 29:1322–1329

35. Lemly A. D. (1982) : Modification of benthic insect
communities in polluted streams: combined effects of
sedimentation and nutrient enrichment, Hydrobiologia,
87:229-245.

36. Macan T.T. (1970) : A key to the nymphs of British
species of Ephemeroptera with notes on their ecology.
Sci. Publ. Freshwat. Biol. Assoc., p.20

37. Minshall, G.W.(1984): Stream Ecosystem Theory: A
Global Perspective. J. North Am. Benthol. Soc,. 7, 263–
288.

38. Mishra, A.S. and  P. Nautiyal (2012). Longitudinal
Distribution of Benthic Macroinvertebrate Assemblages
in a Central Highlands River, The Tons (Central India).
Proceedings of the National Academy of Sciences, India
Section B: Biological Sciences 83(1):47–51

39. Mitra P.S. and Nandi N.C. (1998): Impact of
anthropogenic activities on Hoogli estuary with special
reference to the distribution pattern of intertidal
macrozoobenthos. In: Adityya AK, Haldar P (eds)
Proceedings of the national seminar on environmental
biology, Daya Publishing House, New Delhi, pp 94–101

40. Negi Manju and  Singh H.R. (1990) : Substratum as
Determining Factor for Bottom Fauna in the River
Alaknanda. Proc. Indian natn. Sci. Acad. B56 No.5&6
pp. 417-423

41. Negi R.K. and Mamgain Sheetal. (2013) : Seasonal
Variation of Benthic Macro Invertebrates from Tons
River of Garhwal Himalaya Uttarakhand. Pakistan
Journal of Biological Sciences 16(22): 1510-1516.

42. Nelson M.S., Roline R.A., Thullen J.S., Sartoris J.J. and
Boutwell J.E. (2000) Invertebrate assemblage and trace
element bioaccumulation associated with constructed
wetlands. Wetlands 20:406–415.

43. Palit Debnath, Gupta Santanu ,  Banerjee Arnab and
Mukherjee Aparajita. (2013). Aquatic macroinvertebrate
diversity based biomonitoring of selected lotic
environments in Durgapur, West Bengal, India:
Implications For Ecological Health Status Prediction,
Journal of applied technology in Environmental
Saintation , 3(3):117-122.

44. Poff  N.L. and Ward J.V. (1989) : Implications of stream
flow variability and predictability for lotic community
structure: A regional analysis of stream flow patterns.
Can. J. Fish. Aquat. Sci,. 46:1805-1817.

45. Rempel L.L, Richardson J.S. and Healey MC (1999) :
Flow refugia for benthic macroinvertebrates during
flooding of a large river. J. N. Am. Benthol. Soc., 18:34-
48.

46. Resh V. H. (2008):  Which group is best? Attributes of
different biological assemblages used in freshwater
biomonitoring programs. Environmental Monitoring
Assessment. 138: 131–138.

47. Resh V.H.,  Brown  A.V., Covich A.P.,Gurtz M.E. ,Li
H.W.and Minshall G.W.(1988): The role of disturbance
in stream ecology. Journal of North American
Benthological Society, 7:433–455

48. Rosenberg D. M. and Resh V. H. (1993):  Introduction
to freshwater biomonitoring and benthic
macroinvertebrates; In: Freshwater biomonitoring and
benthic macroinvertebrates (eds) Rosenberg D M and
Resh V H (New York: Chapman and Hall),pp. 1–9.

49. Scarsbrook M.R. and Townsend C.R. (1993) :Stream
community structure in relation to spatial and temporal
variation: A habitat templet study of two contrasting
New Zealand streams. Freshwater Biology,29:395-410.

50. Sharma  K.K. and  Samita Chowdhary. (2011):
Macroinvertebrates assesmblages as biological
indicators of pollution in a Central Himalayan
River,Tawi (J&K). International Journal of Biodiversity
and Conservation, 3(5): 167-174

51. Sharma R.C. (1986):  Effects of physicochemical factors
on benthic fauna of Bhagirathi River, Garhwal
Himalaya. Indian J Ecol, 13:133–137

52. Sharma R.C., Bhanot G. And Singh D. (2004) : Aquatic
macro-invertebrate diversity in Nanda Devi Biosphere
Reserve, India. Environmentalist, 24:211–221



International Journal of Recent Scientific Research, Vol. 4, Issue, Vol. 5, Issue, 2, pp.357-361, February, 2014

361

53. Sharma R.C., Sharma A. and Anthawal A. (2008):
Surveying of aquatic insect diversity of Chandragbhaga
river, Garhwal Himalayas. Environmentalist, 28 : 395 -
404

54. Sharma R.C., Arambam Reena and Sharma
Rekha.(2009) : Surveying macro-invertebrate diversity
in the Tons river, Doon Valley, India.
Environmentalist,29:241–254

55. Shukla S. C., Tripathi B. D., Rajanikant , Deepa Kumari
and Panday V.S. (1989): Physico-chemical and
biological characteristics of river Ganga from Mirzapur
to Balia. Indian J. Environ. Hlth.,31 (3): 218-227.

56. Stanford J.A. and Ward J.V. (1982):  Insect species
diversity as a function of environmental variability and
disturbances in stream system. In: Barnes JR, Minshal
W (Eds) Stream ecology: application and testing of
general ecological theory. Plenum, New York, pp 265–
278

57. Stevenson, R.J.(1996) : The Stimulation and Drag of
Current, in R.J. Stevenson, M.L. Bothwell & R.L. Lowe,
(Eds.), Algal Ecology: Freshwater Benthic Ecosystem,
Academic Press Network, pp. 125–156.

58. Suren A.M., and Jowett I.G.,(2006) : Effects of floods
versus low flows on invertebrates in a New Zealand
gravel –bed river. Freshwater Biol. 51 :2207-2227.

59. Sweeney B.W. and Schnack J.A. (1977). Egg
development, growth, and metabolism of Sigara
alternata (Say) (Hemiptera: Corixidae) in fluctuating
thermal environments. Ecology, 58:265-277.

60. Vannote R.L and Sweeney B.W. (1980): Geographic
analysis of thermal equilibria: A conceptual model for
evaluating the effect of natural and modified thermal
regimes on aquatic insect communities. Am. Nat.,
115:667-695.

61. Venkateswarlu V.(1986) : Ecological studies on the
rivers of Andhra Pradesh with special reference to water
quality and Pollution, Proc. Indian Sci. Acad., 96(6):
495-508.

62. Wallance  J. B. and Webster J. R. (1996):The role of
macro-invertebrates in stream ecosystem function.
Annual Review of Entomology, 41: 115-139.

63. Ward J.V. (1992): Aquatic Insect Ecology. John Wiley,
New York. pp. 438.

64. Ward  J.V. (1976) : Effects of flow patterns below large
dams on stream benthos: pp. 235-256. In: J.F. Orsborn
& C.H. Allam (Eds.) Instream Flow Needs Symposium.
Vol. II, American Fisheries Society. Bethesda, Maryland

65. Ward J.V.  and  J.A. Stanford. (1979) :  Ecological
factors controlling stream zoobenthos with emphasis on
thermal modification of regulated streams. In:J.V. Ward
& J.A. Stanford (eds.) The Ecology of Regulated
Streams. Plenum Publication, New York. pp. 35-55.

66. Watanasit S. (1996): Aquatic insects in streams in
southern provinces of Thailand. Songklanakarin Journal
of Science and Technology,18: 285-296.

67. Welch P.S. (1952): Limnology, 2nd Ed. McGraw Hill
Book Co. Inc., New York.

68. Wilhm R. L. and Dorris T.C. (1968): The biological
parameters for water quality criteria. Bio.
Science,18:477-492

*******


